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The paper discusses a particular model of chameleon gravity where the scalar field has an expo-
nential as V = M4 exp( αφ
Mpl
) and an exponential coupling to the matter density component of the
Universe as ρm exp(
βφ
Mpl
). We finds the relations between the four (in principle free) parameters of
the model and the first five cosmographic parameters (which can be written in terms of the Hubble
parameter and its first four derivatives). If such cosmographic parameter are known then the we
present the algebraic relations which can be used to derive the free parameters in terms of the
cosmographic ones. We show that, determining the third derivative of scale factor Q is of great
importance if the chameleon parameter β and coupling constant α are known. On the other hand,
if nothing can be proposed about (α, β), reconstructing the free parameters of the model can be
done by measuring the first five derivatives of the scale factor and testing the validity of theory is
only possible by its first six derivatives, so that the parameters (α, β) will also be determined au-
tomatically. We also find relation between cosmographic parameters and parameters of the model
when it dynamically approaches its critical points.
PACS numbers: 98.80.-k, 04.50.Kd, 04.25.Nx
In 1970, Alan Sandage [1] interpreted cosmology as the
search for two numbers: H0 and q0. It seemed too sim-
ple and clear: the main term in the form of the Hub-
ble parameter (HP) determined the expansion rate of
the Universe and a small correction due to the gravity
of its matter content will slow down the expansion over
time. In 1970, Weinberg [2] drew attention to the is-
sue of extracting the value of constant spatial curvature
k and deceleration parameter q from the observations,
without considering cosmological constant and/or scalar
field. In 1976 Harisson [3] challenged Sandage’s remark
and proved that the third derivative of scale factor is of
great importance for observational cosmology, in a uni-
verse with indeterminate (dust) matter density. He con-
sidered a Universe containing the cosmological constant
Λ and non-relativistic matter. In this case, the Einstein











Ḣ +H2 = −4πG
3




For zero-pressure model, the equations (1) and (2) can
be combined as
K = 4πGρ−H2(q + 1) (3)
Where K = kc
2
a2 , ρ is the average mass density. The
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q = − ä
aH2
(5)
The verification of the cosmological equation (3) re-
quires the measurement of the quantities K,H, ρ and q
[3]. In principle, these quantities K,H, q can be deter-
mined, although in practice their precise determination
is difficult[1]-[3]. If every thing could be known about the
matter filling of universe, then the cosmological constant
can be derived as
Λ = 4πG− 3qH2 (6)
Hence, for a universe with known amount of matter, the
general relativity (GR) can be tested by measuringH and
q. However, the average density ρ can not be determined,







is required to test the validity of equation (3). Since the
parameters (k,Λ, ρ) can be obtained in terms of the first
three derivatives of scale factor as
K = H2(Q − 1) (8)
Λ = H2(Q − 2q) (9)
4πGρ = H2(Q+ q) (10)
So, the resulting equations do not contain those param-
eters and can be expressed in terms of the cosmological
scalars as
X + 2(q +Q) + qQ = 0; (11)






The fourth order ODE (11) is equivalent to the Fried-
mann equation (3) and has an advantage that it appears
as a constraint on directly measurable quantities. In par-
ticular if k = 0 this relation reduces to a third order ODE
Q = 1.
Following the Harrison attempt, Hut [4] clearly stated
that without any presumption about the matter content
of the Universe, general relativity could not be tested by
measuring any number of time derivatives of the scale
factor. However, assuming a Universe filled with a non-
interacting mixture of non-relativistic matter and radia-
tion, the theory can be tested by measuring the first five


























X − 2Q− qQ− 2q
)
H2 (16)
By differentiating the equation (3) for the fourth time,
finally, the parameters (k,Λ, ρm, ρr) would be vanished
and a relation between four parameters q,Q,X, Y is ob-
tained











The condition (17) provides a full test of the general
relativity theory. Hence, expressing the Friedmann
equation in terms of the cosmographic parameters
H, q,Q,X, Y as higher derivatives of the scale factor,
links the measurement of these parameters to a test of
GR or any of its modifications (leading to the different
constraints). Cosmography was first discussed by
Weinberg [49] and Visser [50], and has been extended
by Capozziello [52]-[56] in a wide area of cosmological
models. There is also wide variety of studies that imple-
ment this framework as a powerful model-independent
approach to trace the history of the Universe [57]-[68].
Despite the assumption of the cosmological constant
in the above equations, the common idea at the time was
just the Big Bang theory complemented with the inflation
scenario, as the proper model of the Universe at least at
first approximation.
However, the situation drastically changed at the end
of the last century. Now, we know that the observations
of the high redshift type Ia supernovae and the surveys
of the galactic clusters [5]–[8] reveal the accelerating
expansion of Universe and that the matter contribution
is smaller than what was expected to be probably close
to one. Also, the observations of Cosmic Microwave
Background (CMB) anisotropies indicate that the
universe is flat and the total energy density is very close
to the critical one [9].
Although the above observational methods are differ-
ent, they are properly consistent with each other for the
mass-energy content contributions of the universe. The
data indicate that the universe at the present time is
made up of %5 normal mater, dark matter is estimated
to be about %27 and dark energy (DE) is the dominant
component that occupies about %68 of the total energy
content.
There are prominent candidates for DE such as the cos-
mological constant [10, 11], a dynamically evolving scalar
field ( like quintessence) [12, 13] or phantom (field with
negative energy) [14] that explain the cosmic accelerat-
ing expansion. Meanwhile, the accelerating expansion of
universe can also be obtained through modified gravity
[15], brane cosmology and so on [16]–[37].
The archetypal example of scalar field is chameleon
field which has been suggested by [38]–[40]. The cosmo-
logical value of such a field evolves over Hubble time-
scales and could potentially cause the late-time accel-
eration of our Universe [41]. The Chameleon mecha-
nism is nowadays deeply investigated in many of pos-
sible ”shapes” (i.e. varied potentials and theoretical
backgrounds), on all scales (from cosmological to astro-
physical) and by much more reliable (mainly numerical)
methods[69]-[160].
In this paper we want to express the chameleon parame-
ters in terms of directly measurable cosmological scalars
constructed out of higher derivatives of the scale factor
(cosmographic parameters). It enable us to construct
model-independent kinematics of the chameleon cosmol-
ogy. Similar to the way that Harisson [3] and Hut [4]
had done to test the general relativity, we want to find
the algebraic relations which can be used to derive the
free parameters in terms of the cosmographic ones and
those are between latter parameters by assuming that the
chameleon cosmology is hold. We consider an exponen-
tial potential V =M4Exp( αφMpl ) where M and α are the
mass scale and coupling constant, respectively. In sec-
tion. 2, we adopt the relations that have been previously
found to test the model when the system dynamically
approaches to its critical points. The summary and con-
clusion are presented in section 3.
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I. THE MODEL















where the matter fields ψ(i) are coupled to scalar field φ
by the definition g
(i)
µν ≡ e2βiφ/MP lgµν . The βi are dimen-
sionless coupling constants, one for each type of matter.
In the following, we assume a single matter energy den-
sity component ρm with coupling β [40]. Assuming that
the universe is filled with cold dark matter, i.e. γ = 0, the
variation of action (19) with respect to the metric tensor
components in a spatially flat FRW cosmology yields the
field equations,









Where, the chameleon effective potential is defined by,





providing the wave equation of chameleon scalar field φ.
φ̈+ 3Hφ̇ = −dVeff(φ)
dφ
, (23)






For γ = 0, if β in the second term of Veff (φ) is pos-
itive, the effective potential monotonically decreases to
a minimum at a finite field value φ = φmin, where
d
dφVeff (φ)|φ=φmin = 0, and mch = mchmin . From equa-
tion (23)
φ̈min = −3Hφ̇min (25)
Note that mchmin in the above equations is the inverse
of the characteristic range of chameleon force in a given
medium. By differentiating both sides of the equation
(21) with respect to time











The equation (26) can be rewritten as










= −2M2plḢ − φ̇2 (28)




Using equations (28) and (29) and by considering ex-
























So, using equations (23) and (30) the second time deriva-
tive of scalar φ would be





By combining the equations (32)and (27), the second























Here, we rewrite the cosmographic parameters as follows
















+ 5X − 10Q(q + 2)− 30q(q + 2)− 24 (37)



























Equation (33) can be rewritten in terms of the cos-
mographic parameters (q,Q) and the model parameters





= (α− β)x3 + 3x2 +
(




This is a cubic polynomial in terms of x, as





















Solving the equation (33), therefore, gives x in terms of
the cosmographic (q,Q) and constant (α, β) parameters.




















It is a striking and slightly puzzling fact that almost all
current cosmological observations can be summarized by
a simple statement: The jerk of the Universe is equal
to one” (Q = 1). [161],[57],[162]. Also Visser[50], have
investigated in some details the jerk condition (Q = 1)
. From equations (28) and (29), the variables (y, z) can
also be specified in terms of x, q;




+ (1− 2q) (42)
If the values of (α, β) are known, consequently, all model
variables would be reconstruct in terms of cosmographic
parameters (q,Q). In addition, the equation (31) gives
the chameleon mass mch in terms of (H, q,Q, α, β)
m2ch
H2
= 2(β2 − α2)(1 + q) + (α
2 − 2β2)
2
x2 + 3α2 (43)
Equations (40) and (43) imply the possibility of deter-
mining the chameleon mass in terms of coupling pa-
rameters (α, β) and first three derivatives of scale factor
(H, q,Q). Note that l.h.s of equation (44) is positive,
hence x2 < 2(1 + q). Exerting this condition on equa-
tion (43) gives an upper bound for chameleon mass as
m2ch < α
2(2− q)H2. If the parameters (α, β) are known,
chameleon mechanism can be interpenetrated by only the
first three derivatives of scale factor (H, q,Q). As it was
pointed out by the original chameleon article that [40], in
harmony with string theory, β must be of the order unity;
so that we got β = 1. Furthermore, we get α of the order
of unity with negative sign (because the potential V (φ))
is assumed to be of the runaway form for monotonically






















2 − 81− 162q − 108Q
Finally, using equations (44), (41) and (42), the
chameleon gravity is expressed on the way of time deriva-
tives of scale factor measuring the (H, q,Q) parameters.
However, if nothing can be proposed about (α, β), the
chameleon parameters will not be determined by consid-
ering the first three derivatives of scale factor, as its forth
and fifth derivatives must also be measured. By differ-
entiating both sides of the equation (21) with respect
to time, the third time derivative of Hubble parameter







φ − 2φ̈2 − 3Ḣφ̇2 − 6Hφ̇φ̈− 6HḦM2pl





Differentiating equation (23) also yields
...





Their composition is expressed by
(X − 4Q) = (47)
− 6− 2β2 − α2 − 3αβ + 3αβq + 4α2q − 4α2q2 − 2β2q2
− 3q + 6αβq2 − 4β2q + x(−9α− 15β + 18αq − 15βq)
















Corresponding to what was previously achieved for the
equation (47), by differentiating both sides of equations
4
(45) and (46) and using equations (34) to (37), we take
(Y − 5X) = (48)
19 + 29q − 157
2
βx3 − 16xαq2 + 17xβq2 + qx3α− 7qβx3
+ 16xα3q + 5αxβ2 − 16α3q2x+ 6α3qx3 − 16xβ3q − 7βxα2





x5βα2 − 4xα3 − 3x3α3





















+ 42β2q2 + 6q2 − 66x2β2q + 12x2α2q − 84αq2β − 21
2
x4αβ
+ 14βq2xα2 − 21
2
βqx3α2 + 63αqx2β + 5αxβ2q
− 21
2
αqβ2x3 + 7βxα2q + 177xβq − 114xαq + 61xα
+ 42β2 − 36α2q + 42αβ − 6x2α2 + 84β2q − 66x2β2
+ 36α2q2 + 10αq2xβ2 + 160xβ + 32x3α
Distinguish between ”cosmographic test of the
model”and ”reconstructing the model in terms of
cosmographic parameter”
A subtle and important point that must be point out
is that we must distinguish between two conceptions
”reconstruction of the model in terms of cosmographic
parameters” and ”test of the model using cosmographic
parameters”. In considerations such as the former,
in fact, it is assumed that the model is theoretically
valid. Based on this, the parameters of the model are
reconstructed in terms of the measurable (observable)
cosmographic parameters In latter cases, however, the
aim is to find the relationships between measurable
cosmographic parameters to test the theory of the
model. On the other hand, it also tries to eliminate
the parameters of the model to find the algebraic
relation between model independent cosmographic
parameters. A condition should be stated to say that
the model is fully tested. While the model parameters
are reconstructed in both of these considerations, more
cosmographic parameters are needed to test the theory.
For example, for ΛCDM model with free parameters
Λ, zero-pressure matter ρ, and K , all model parame-
ters can be reconstructed according to the first three
derivatives of the scale factor (H, q,Q) as equations (8)
to (10) . However, a full test of the model can be done
by equation (11) where includes the forth derivative of
the scale factor X . Another example, that has been
investigated in some details by Hut, is a universe filled
with a combined density of matter and radiation. In this
case the free parameters of the model are Λ, ρm, ρr,K
constructed by cosmographic parameters (H, q,Q,X) as
equations (13)-(16) . Nevertheless, the full test of the
model is codified in the equation (17), where includes
the fifth derivative of the scale factor Y . In chameleon
model, the relations were obtained between the four (in
principle free) parameters of the model and the first five
cosmographic parameters, which can be written in terms
of the Hubble parameter and its first four derivatives.
The four free parameters include two new variables (x, y)
and two free parameters (α, β). (Note that the variable
z can be obtained in terms of (x, y) from constraint Eq.
(39).)
If such cosmographic parameters are known, then it
is possible to present algebraic relations that can be
used to derive the free parameters in terms of the
cosmographic ones.
Depending on whether the parameters (α, β) are known
or not, we can classify our analysis and discussion in two
cases, as follows
1-(α, β) is known : In this case, the only free variables
or parameters of the model are (x, y). Hence, using
equation (40), the variable x can be reconstructed in
terms of (α, β, q,Q). Then from equations (40) and (41),
the variables (y, z) can also be reconstructed in terms of
(x, q).
Assuming that (α, β) are known, hence, (q,Q) are
the only cosmographic parameters that need to be
determined to reconstruct the chameleon parameters.
To test the model, however, only the (q,Q) parameters
are not sufficient, as the forth derivative of scale factor
X is required to find a relation between (q,Q,X) quan-
tities. In this respect, we should figure out the variable
x from equation (40); so that by substituting it in the
equation (47), we can obtain a condition for providing a
full test of the model (note that the condition includes
the known parameters (α, β)).
2-(α, β) is unknown : This case is appeared to be
more realistic than pervious ones. If nothing could
be proposed about the parameters (α, β), chameleon
gravity could be reconstructed by measuring the first five
derivatives of the scale factor and could also be tested
by measuring its first six derivatives. There are four
free parameter (α, β, x, y) by considering undetermined
(α, β). The equations (40), (41), (47) and (48) are
sufficient to reconstruct the chameleon free parameters
in terms of the cosmographic ones (q,Q,X, Y ). An inter-
esting feature is that, in this case the parameters (α, β)
can also be determined in terms of the cosmographic
parameters. However, to test the chameleon gravity
we require This requires an additional cosmological




dt6 to find a relation just between
cosmographic parameters, which we call it as the full
test of chameleon theory. Equations (40), (47) and (48)
with seven variables (x, α, β, q,Q,X, Y ) indicating that,
if four cosmographic parameters (q,Q,X, Y ) are known,
the chameleon parameters (α, β) and variable x will be
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determined immediately. Consequently, the chameleon
free parameters can be reconstructed on cosmological
scales.
For more explanation, we want to reconstructing the
chameleon free parameters (α, β) and current values
of new variables (x0, y0, z0) of the model in terms of
determined cosmographic parameters. Here we consider
the values that best fitted by observations [164]
q0 = −.588, Q0 = 1, X0 = −.238, Y0 = 2.846
From equation (40), there are three solutions for the
variable x when Q0 = 1, as x = 0 is a simple one.
In this case, according to the equation (41),
y0 = 2(1 + q0) = 0.824. By subsisting these best
fit values of cosmographic parameters in the equations
(47) and (48), two coupled equations obtain in terms of
(α, β) as follows
{
−4.734976α2 − .339488β2 − 2.689536αβ − 4.236 = 0
42.614784α2 + 7.129248β2 + 37.653504αβ + 4.022464 = 0
Solving these equations gives
{
(α ≃ −2.780, β ≃ 10.01)
(α ≃ 2.780, β ≃ −10.01)
Hence, the four free parameters of the chameleon model
is reconstructed. Furthermore, the author of [165], finds
the best values for cosmographic parameters as
q0 = −.64, Q0 = 1.02, X0 = −.39, Y0 = 4.05
Reconstructing the chameleon parameters for this
case gives
x0 = 0, y0 = 0.74, (α, β) ≃ (±2.598,∓11.25)
In the above examples, the current values of model pa-
rameters were determined, since the current value of cos-
mographic parameters are available. However it is pos-
sible to reconstruct the model in terms of cosmographic
parameter at any epoch of the universe In the follow-
ing section we present the relation between cosmographic
parameters in terms of free parameters of the model at
crucial epochs of the universe
II. COSMOGRAPHY AT DIFFERENT EPOCHS
OF THE UNIVERSE
As it goes to describe the behaviour of a dynamical
system, we implement this approach to trace the dynam-
ics of the universe in the presence of chameleon field in
deferent epochs of its evolution.
We are interested to quantify the chameleon parame-
ters such as chameleon mass mch at the critical points
of the system, points that represent all important epochs
in the evolution of the universe. The dynamics of the
universe in chameleon gravity can be simplified by intro-













Then using equations (20)-(23), the evolution equations
of these variables become,
ζ
′

























6αζ1 + 3ζ2 + 6ζ
2
2 ) (52)
Where prime indicates from now on differentiation





3 , ζ3 =
z
3 . The Friedmann equation (20) also becomes
ζ21 + ζ2 + ζ3 = 1 (53)

































= −1 + 3ζ2
2
+ 3ζ21 (56)


















= 2(β2 − α2)(1 + q) + 3(α2 − 2β2)ζ21 + 3α2 (58)
It is more convenient to investigate the properties of
the dynamical system, namely Eqs.(54) and (55) rather
than Eqs.(50)-(52). We obtain the fixed points (criti-
cal points) and study the stability of these steady states
that are always exact constant solutions in the context
of autonomous dynamical systems. Those are often the
extreme points of the orbits and therefore describe the
asymptotic behavior. In the following we find fixed points
by solving dζ1dN = 0 and
dζ2
dN = 0 simultaneously. Two
eigenvalues λi(i = 1, 2) are obtained by substituting lin-
ear perturbations ζ′1 → ζ′1 + δζ′1, ζ′2 → ζ′2 + δζ′2 about the
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Table I: critical points
points A+ A− B C D

















Fig. 1: The phase space for α = −3 and β = −4 . The late
time attractor is scaling solution with ζ1 = 1, ζ2 = 0
critical points into the two independent equations (54)
and (55), to the first order of perturbations. Stability
requires that the real part of all eigenvalues be negative.
There are also five fixed points which some of them ex-
plicitly depend on β and α, as shown in Table 1.
Critical points, A±, corresponding to two kinetic-
dominated solutions. These are equivalent to the stiff-
fluid-dominated evolution with a = t
1
3 , irrespective of the
nature of the potential. The kinetic-dominated solution
for A+ has two eigenvalues, λ+ = 3+β
√
6, λ− = 6+
√
6α,
and is stable for β < −
√
6
2 ,α < −
√
6. The solu-
tion A− also has two eigenvalues λ+ = 3 − β
√
6, and
λ− = 6 −
√
6α, stabilized for β >
√
6
2 and α >
√
6. The
phase space of the system, in which these critical points
are stable, has been shown in Figs. (1) and (2). Also,
from equations 56 and (40) to (48), the values of the cos-












where both V (φ) and effective Veff potentials are zero.
So, the chameleon mass mch at those points is zero, as
confirmed by equation (58).
Critical point, B, corresponding to a potential-
kinetic-scaling solution. This solution exists for all kinds
of potentials, and has two eigenvalues depending on the
slope of the potential and coupling constant β: λ+ =
−3 + α22 , λ− = −βα+ α2 − 3.
As, the solution is stable for
Fig. 2: The phase space for α = 3 and β = 4 . The late time






6 < α < 0
β > −3+α
2
α , 0 < α <
√
6
which means that the potential-kinetic-dominated solu-
tion is stable for a sufficiently flat potential (α2 < 6). The
phase space of the system has been shown in Fig.(3), in
which the critical point is stable. The set of the values of












4 − 32α2 + 1




8 − 254 α6 + 354 α4 − 5α2 + 1







indicating that the stability condition (α2 < 6) leads
to an upper bound for chameleon mass as m2ch <
9H2
2 . For α = ±
√
2 at this point, corresponding to
the deceleration − acceleration phase of the universe,
mch = 2H and all cosmographic parameters are zero.
For α → 0 at this point, in addition, the potential tends
to V (φ) → M4 and the cosmographic parameters would
be {qc = −1, Qc = Xc = Yc = 1} , representing the cos-
mographic parameters of ΛCDM model.
Critical point C, corresponds to the fluid-kinetic-
scaling solution. This solution depends on the coupling
constant β and exists for all potentials. It has two eigen-
values depending on both α and β: λ+ = −3/2+ β2 and
λ− = 3 + 2β









2 < β < 0
α > 3+2β
2




in appropriate phase space shown in Fig.(4). The set of












Qc = 1 + 3β
2 + 2β4






2 + 134β4 + 94β6 + 24β8
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Fig. 3: The phase space for α = −1 and β = −1 . The late




, ζ2 = 0.
Fig. 4: The phase space for α = −4 and β = −1 . The late








along with chameleon mass mch
m2ch
3H2




determining the stability condition (β2 < 32 ) for upper
bound of chameleon mass in the form of m2ch <
9H2
16 . As
β → 0 , the potential tends to Veff (φ) → ρm and the
cosmographic parameters would be
qc = 1/2, Qc = 1, Xc = − 72 , Yc = 352
which are those corresponding to the matter-dominated
era. The radiation-dominated epoch can also be repre-
sented by β2 = 12 , with mch = H and cosmographic
parameters
qc = 1, Qc = 3, Xc = −15, Yc = 105.
It is worth noting that, while the critical points B and C
have the same Q parameter (Qc = 1) when (α, β) → 0,
however they have different deceleration parameters
point, B : qc = 1/2 and point, C : qc = −1.
This points are corresponds to SCDM and LCDM
states respectively[57]. This degeneracy is associated
with the order of the derivatives of scale factor. In fact,
Fig. 5: The phase space for α = −10 and β = 4 . The late








it is possible to derive Qc in terms of qc as
Qc = 2q
2
c + qc (61)







Meaning that, two different epochs of the universe with
different values of the deceleration parameter may have
the same parameter Q.
Critical point, D corresponds to a fluid potential-


















where A = 180β2 − 108βα − 63α2 − 96β2α2 + 48β3α +






























































2(β − α)2 −






−βα+ α2 − 3
(β − α)2
)
The phase space of system has been shown in Fig.(5),
in which the critical point is stable and states follow
from initial conditions. It is interesting to note that,
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the cosmographic parameters at points C and D get
the same values when β → 0. Under this condition
at these respected points, however, the chameleon mass
gets different values as 0 and 9H
2
2 , respectively. Simi-
larly, for α → 0, the critical points B and D have the
same amounts of cosmographic parameters with differ-
ent chameleon masses. From equation (58), because, the
chameleon mass
m2ch
3H2 depends not only on the (q, α, β)






There are the following three solutions for variable x,



















Where x1 = x2 = 0 and x3 = − 3α are the critical
points C and D, by β = 0 constraint. As a result, it is
possible to having two or three different critical points
with different chameleon mass, while their cosmographic
parameters are the same.
III. SUMMARY AND REMARKS
In our previous works, the stability analysis of
chameleon field and its interaction with other fields
have been studied [104],[127],[134]. The chameleon
gravity on cosmological scales and constraining its
parameters (α, β) have also been investigated for various
potentials [105]. This paper has shown that, here, it
is possible to reconstruct the chameleon gravity in the
presence of exponential potential V = M4 exp( αφMpl )
on a cosmological scale, by measuring the first three
derivatives of the scale factor (H, q,Q), if the chameleon
parameter β and coupling constant α are known. In this
right, measuring the third derivative of the scale factor
Q is of great importance to reconstruct the chameleon
free parameters/variables. However, If, nothing could be
proposed about the parameters (α, β), chameleon model
could only be reconstructed by measuring the first five
derivatives of the scale factor; as the parameters (α, β)
will also be determined automatically. If. in addition,
we want to test the validity of the chameleon model,
the first six derivatives of the scale factor are required.
In this respect, we reconstructed the free parameters of
the model based on the best-fitted values of the cosmo-
graphic parameters in the significant studies done by
the authors of [164] and [165]. In model-reconstructing
paradigm using the data referenced to the former,
the result was x0 = 0, y0 = 0.824, z0 = 2.176 and
(α, β) ≃ (±2.780,±10.01); as a case corresponding to
φ̇
mpH





|0 ≃ 0.274, z = V3H2M2
pl
|0 ≃ 0.725.
Based on the best-fitted cosmographic values of the
latter, the result was x0 = 0, y0 = 0.74, z0 = .2.262 and
(α, β) ≃ (±2.598,±11.25); as a case corresponding to
φ̇
mpH





|0 ≃ 0.246, z = V3H2M2
pl
|0 ≃ 0.754.
Recently, some studies have constrained the chameleon
parameter β by new technics, for example [152] by
searching for (solar) chameleons with the CERN Axion
Solar Telescope (CAST), reported as (1 < β < 106).
Using neutron interferometry, also, the author of [141]
has found that the β constant is less than 1.9 × 107.
Now, based on the best fisted values of the cosmographic
parameters by those mentioned above ([164],[165]), we
have found β ≃ 10 and β ≃ 11. These two values are
close to each other, lie in the region of those expected
by [152],[141] and comparable with [105] and that
previously pointed out by Khoury and Weltman in
the original chameleon paper [40] (in harmony with
string theory, the β parameter should be of the order
of unity). Finally, we derived the value of each of the
cosmographic parameters at the level of critical points
for chameleon mechanism. The important point was
that, all cosmographic parameters can be derived in
terms of the deceleration parameter q at these points;
meaning that only deceleration parameter is significant
at this level.
We have also derived an expression for the chameleon
mass in terms of the cosmographic and chameleon (α, β)
parameters. The representation of the chameleon mass
in terms of the cosmographic parameters shows that, not
only the respective field takes different masses depending
on the local matter density but also evolves dynamically
in the Universe. It acquires a time-dependent mass by
varying at different epochs of the universe. Hence, the
field interaction range λ = m−1ch is also varying through
the space and time.
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